The difficulty of building metastable vacua in string theory, has led some to conjecture that in the string theory landscape, potentials satisfy |∇V /V | ≥ c ∼ O(1). This condition, which is supported by different explicit constructions, suggests that the EFTs which lead to metastable de-Sitter vacua belong to what is dubbed as swampland. This condition endangers the paradigm of single field inflation. In this paper, we show how scalar excited initial states cannot rescue single field inflation from the swampland, as they produce large local scalar non-gaussianity, which is in conflict with the Planck upper bound. Instead, we demonstrate that one can salvage single field inflation using excited initial states for tensor perturbations, which in this case produce only large flattened nongaussianity in the tensor bispectrum. We comment on the possible methods one can prepare such excited initial conditions for the tensor perturbations.
INTRODUCTION
With the postulation and formulation of the string theory landscape [1] , the original aspiration for the string theory as a unique quantum theory of gravity, that in the low energy limit reduces more or less uniquely to the Standard Model coupled to gravity, faded. The initial understanding of the landscape was that any local Lorentzinvariant effective field theory, which is semi-classically consistent, can be embedded somewhere in the infinitely vast array of discrete vacua [2] and therefore questions such as the values of cosmological or other fundamental constants reduce merely to some environmental questions for which the detailed string theory construction, at least, at the moment is irrelevant.
Shortly it was realized that not all consistent-looking effective field theories can be UV completed in string theory. For example in [3] , it was shown that the the sign of the irrelevant operators in such EFTs should be strictly positive, otherwise they will lead to superluminal fluctuations around non-trivial backgrounds and thus to IR non-locality and breakdown of causality (please see [4] for an opposite perspective on how superluminality can still come across the causality). Also recently, the existence of some issues with the construction of meta-stable de Sitter vacua in String Theory [5, 6] , has led some to believe that the the string theory landscape is surrounded by a much larger seemingly consistent effective field theories which cannot be UV completed in the string theory, and is dubbed as swampland. Indeed it is claimed that the string theory landscape is of measure zero in comparison with the swampland [7] . The proposition of the swampland conjecture could be regarded as a nostalgia for the glorious days of string theory, from mid-80s to 90s, where the goal of string theory was to uniquely specify the low energy effective field theory.
Several criteria have been presented to distinguish the effective field theories that belong to such a swampland. The first criterion confines the field displacements to be less than ∆ ∼ O(1) in Planckian unites in a theory in which the scalar fields are minimally coupled to gravity [8, 10] . The metric structure on the field space, G ij (φ i ), can still be non-trivial though. There are evidences from explicit string theory constructions [11] that as the field range traverses by a large distance D, a tower of light modes with mass scale
where Λ is the UV cutoff of the theory and α ∼ O(1).
Such an exponential lightening of the tower of masses near a particular point could also be understood if it is assumed that the loop corrections drive both gravity and the scalar field to strong coupling at the same energy scale [12] . This shows that significant super-Planckian excursions cannot be described by single field effective field theory. This will have consequences for the large field inflation if tensor to scalar ratio 0.01 is detected by the CMB B-mode experiments, since in order to realize them, according to the Lyth bound [13] , field displacements larger than M Pl is required. Such constraint points inevitably in the direction of multi-field inflationary setups to implement the paradigm of inflation in the string theory. Inflationary models like M-flation [14, 15] or N-flation [16] seem to be advantageous from this perspective [16] , although in N-flation all the moduli are lighter than the species UV cutoff [17] . In Gauged Mflation [15] , however, the hierarchical mass structure of the species allows for only a negligible portion of these modes to remain below the UV cutoff, which is lowered from the Planck mass by the square root of the number of light species [15, 17] . Such many field models of inflation are also privileged to avoid the η-problem, which is generated from the graviton loop correction [18] . In another approach to realization of multi-field inflation, [19] , the field space metric is nontrivial and curved and thus one instead of following the trajectory dictated by the potential, follows the geodesic dictated by both the metric of the field space and the potential during inflation. Thus in a finite field space, with a curved trajectory, the dynamical field range can become substantial and superPlanckian. It seems that even in seemingly single-field models like monodromy inflation [20, 21] , which were pro-posed in the context of string theory to achieve single field super-Planckian field displacements, without considering such multi-field effects, one would violate this swampland criterion [22] . The claim of [19] however is that with such curved trajectory, one would reduce the speed of sound for the fluctuations which is determined by the ratio of rate of turning of the inflationary trajectory and the mass of the heavy field.
In absence of any observation of B-modes, there is no need to have super-Planckian excursions in the field space to realize inflation. The small field inflationary models could still serve the purpose quite well. Models like KLMT will be a model in the context of string theory that can work [23] . However the setup of the model is based on the uplift of AdS vacuum to the de-Sitter vacuum which was doubted to work in several papers [6] . Indeed such studies led the authors of [10] to propose the second swampland criterion which not only proscribe the existence of a (metastable) de-Sitter minimum but also puts a lower bound on how close to flat the slope of a potential can be in the string theory landscape,
where c is suggested to be O(1). The lowest value for c is obtained for a construction, which involves O4 planes and no D-brane source, with the value of c * = 2/3 ∼ 0.8. Such construction although would allow for accelerated expansion, something that needs c < √ 2 in 4D, will lead to large tensor to scalar ratio, r, in a single field inflationary model, which is expected to be r = 8c
2 from the single field consistency relation. With the current bound on r, reported by Planck 2018 data [24] , and having a single field inflation, one would need c < 0.0894 which is not compatible with the smallest value of c reported in [9] , c * = 0.8. Here we take the relation c ∼ O(1) at the face value and assume that c ≥ c * as the best case scenario. In order to surpass the limit the maximum experimental bound set on r, one alternatively can use the K-inflation mechanism [25] in which the consistency relation is modified as r = 8c S c 2 , where c S is the scalar sound speed. With c S ≤ 1, one can reconcile the small upper bound set on r and relatively large minimum of c * reported in [9] . An example of such an attempt in string theory is DBI inflation [26] . However for DBI and (K-inflation in general), the level of non-gaussianity, which is mainly in the equilateral shape, is [27] 
The latest report of the Planck on the equilateral shape of non-gaussianity is [28] 
To remain in the 2σ limit of Planck 2015 results, one needs
which is again smaller than c * = 0.8 1 .
As it has been emphasized frequently in the past, the predictions of the inflationary models for the CMB temperature anisotropy depend on the initial state of the quantum fluctuations as well as the details of the inflationary potential. Although it is usually assumed that the fluctuations start off in the Bunch-Davis (BD) vacuum [29] , there could be various mechanisms to excite them from the BD vacuum when they leave the horizon [30] . Sometimes the excited initial condition impose themselves as the only initial conditions for which a theory would yield finite observables. This is observed recently in the context of the general Extended Effective Field Theory of Inflation [31] , where the theory exhibits breakdown of unitarity at very short wavelengths. The effect of such initial states on the observables have been extensively studied in the literature [27, 32] . In [33] , it was noticed that, for the region of parameter space in which the scalar perturbations start from highly excited initial conditions -what we dubbed as super-excited initial states -no matter what the initial state of tensor perturbations is, r is suppressed. Recently in the context of swampland conjecture, such excited initial conditions were offered [34] as a resolution to the large r predicted by the inflationary potentials with large slopes, which are suggested to be the only ones that could be realized within the string theory landscape. However as we will explain, for such potentials, the predicted local nongaussianity will be large and violates the latest Planck upper bounds, if the scalar initial conditions are excited [28] .
The outline of the paper is as follows: first, we show how with excited initial conditions for perturbations, one can modify r predicted by the model. We explicitly demonstrate that scalar excited initial conditions are unable to assist us toward this goal, if c 0.21. We demonstrate how tensor super-excited states are capable in both reducing or increasing r, depending on the phase difference between the tensor Bogolyubov coefficients. We spell out different signatures of such tensor super-excited initial conditions in the tensor bispectrum. We conclude the paper finally and point out directions for further probes of the proposal.
SUPPRESSING THE TENSOR TO SCALAR RATIO WITH EXCITED STATES
We have briefly reviewed the formalism of cosmological perturbation theory with excited initial condition in the Appendix. For general excited initial conditions for the tensor and scalar perturbations, the power spectra take the form,
where
The tensor to scalar ratio, r, is then given by
Following [33] , let us parameterize the Bogolyubov coefficients α, β for tensor and scalar perturbations as follows,
With this parametrization,
, and e −2χ T ≤ γ T ≤ e 2χ T , where γ S and γ T are the modulations of the power spectrum with respect to the power spectra obtained with Bunch-Davies vacuum initial conditions. β S 0 and β T 0 , as we will see, are the norms of the second Boglyubov coefficients of, respectively, the scalar and tensor perturbations, to which the inflationary modes are pumped to when their physical wavelengths pass through the new physics hypersurfaces. From ∇V /V = c, one obtains ǫ = , such an η parameter is large, but inflating with such a large η parameter is not impossible [35] . The only requirement for having an inflationary background is having ǫ < 1, which is what we have assumed so far by setting c < √ 2. We also consider a model for the excitation of the scalar and tensor modes suggested in [36] ,
which realizes the picture in which the modes get excited almost uniformly as their physical momenta pass through the new physics hypersurface. This picture of excitation could be realized, for example, with modified dispersion relations, where the last inflationary mode that exit the horizon at the end of inflation goes through all different phases of modified dispersion relation [37, 38] . Large occupation numbers for the states could be realized with the ones with a period of negative slope in an interim sub-horizon phase at high momenta in the dispersion relations [38] . Such a picture could be realized in the Extended EFT of inflation [39] , although in that framework, the only modification imparts upon the tensor perturbations is a change in the speed of propagation. In order to modify the dispersion relation of tensor perturbations, one in principle should consider alternative pictures in which the gravity is modified in infinite UV. An example of such a behavior could be manifested in Hoȓava gravity [40, 41] where the dynamical exponent evolves from z = 3 (ω 2 ∝ k 6 ) in the UV to (ω 2 ∝ k 2 ) z = 1 in the IR. The above form roughly implies that the non-BD state becomes important as the physical momentum of the scalar and tensor modes, respectively, redshift and pass through M S or M T . The new physics, which is presumed to have a description in terms of a generally covariant effective field theory, will affect scalar and tensor sectors differently. That is the reason we have assumed that the scale of new physics for scalar and tensor perturbations are in general different, although they can be identical too. The α 0 , β 0 parameters are also not necessarily the same for the scalar and tensor modes.
The factor γ which parameterizes the effects of initial states can in principle be bigger or smaller than one. If γ is smaller than one, it will help suppress r. This is what required to reconcile [33] single field inflationary models like m 2 φ 2 that predicts large r with the Planck data [42] . Now from the normalization of the power spectrum at the pivot scale, k = 0.002 Mpc −1 , P S ≃ 2.0989 × 10 −9 , one obtains
and the backreaction constraint for the scalar perturbations, eq. (44), constrains M S /H as
As noticed in [33] , for large occupation number in the scalar sector, χ S ≫ 1, √ γ S ∼ sinh χ S , ϕ S ≃ π/2 and one obtains an upper bound on how large M S can be with respect to H. In such a sector of parameter space, irrespective of the modifications in the tensor spectral index the ratio γ 1 [33] . In principle with this, one could satisfy the constraints r < 0.065 from the Planck 2018 data, even if c ∼ O(1). For example for no modification in the initial condition for the tensor perturbations, γ T ≃ 1, one can suppress the tensor to scalar ratio, r = 8c 2 , by a factor of exp(−2χ S ). For sufficiently large values of χ S ≫ 1, one could reduce r and bring it down to a value which is compatible with the Planck 2018 upper bound even if O(1). For example for c = 0.8, χ S ∼ 2.18 to be compatible with the latest Planck upper bound on the amplitude of tensor perturbations. Larger values of c, require more populated excited states.
As explained before, however, this part of parameter space suffers from too large value for the local nongaussianity in the scalar sector. The upper bound on local non-gaussianity from Planck 2015 data is f local NL,S ≤ 10.8 with 95% C.L [28] . The local non-gaussianity in a superexcited state is given by [33, 43, 44] 
where k S is the shortest wavelength probed by Planck, ℓ ∼ 3000, and k L is the longest wavelength at which the cosmic variance is limited, ℓ ∼ 10. With the current bound on the local non-gaussinity from the 2015 data, the bound on c is
which is still small compared to the smallest slope realized from various stringy setups [9] . There is an overlooked part of parameter space in [33] which can help us solve the above tension from the non-gaussianity bound for the scalar perturbations. In order to avoid the above conflict with the local nongaussianity bound for the scalar perturbations let us assume that β S 0 ≃ 0, for scalar perturbations, i.e. the scalar modes start from the Bunch-Davies vacuum and therefore γ S = 1. This would remove the tension from the non-gaussianity bound. It also keeps the Hubble parameter the same as what is obtained by the Bunch-Davies vacuum. Now let us try to see if one can get the suppression in r by starting off from the excited state in tensor perturbations. Since in our analysis the tensor initial state parameters α T , β T and those of the scalars are taken to be independent, we should in principle make sure that the the smallness of the backreaction, i.e. (41) and (42), for the tensor modes. The backreaction constraint for the tensor perturbations dictates
Using (14) to eliminate M Pl from the above equation one obtains
Contrary to the case for the scalar perturbations, one cannot increase the number of particles in the superexcited tensor perturbations, since then the EFT for tensor perturbations breaks down assumption, i.e. M T becomes smaller than H. In fact in order to avoid that, there should be an upper bound on the number of excited states in the tensor perturbations state. With c = c * = 0.8,
In this part of the parameter space, the factor γ which modulates the RHS of the consistency condition is given by
One notes easily that in this part of the parameter space, the tensor to scalar ratio can either be suppressed or enhanced depending on the phase difference between the Bogoliubov coefficients and the number of particles in the super-excited state. If tan 2 ϕ T < e −4χT , the tensor to scalar ratio will decrease with respect to the vanilla result, i.e. γ < 1, otherwise it will enhance it, γ > 1. In order to suppress r, from the value the single field consistency suggests, 8c
2 , we stick to the first option. If ϕ T ∼ 0, then with c = c * = 0.8, one obtains χ T ∼ 2.183 which is smaller than χ ✟ ✟ EFT T for which the EFT breaks down. In fact for such a value of χ T , the scale of new physics for tensor perturbations can go up to
which provides enough hierarchy between the scale of new physics and the inflationary Hubble scale, H.
TENSOR BISPECTRUM WITH EXCITED TENSOR INITIAL CONDITIONS
Having excited initial condition for tensor perturbations, we expect to see enhanced non-gaussian signatures in the tensor bispectrum. In particular, like scalar fluctuations with excited initial conditions, one can show that the non-gaussianity will be enhanced for the flattened, [27] and local, k 3 ≪ k 1 ≈ k 2 [47] , configurations. It can be shown that the enhancement for the flattened configuration is [45] 
where τ i corresponds to the initial conformal time where the smallest of k i 's, which in this case we assume to be k 1 , passes through the new physics hypersurface,
An interesting point about the above result is that, the non-gaussianity in the flattened configurations for an excited initial state for tensor perturbations is proportional to τ 2 i in the leading order, and not τ i as in the case of excited scalar perturbation in slow-roll inflation. This is in contrast with the excited initial state for scalar perturbation for the slow-roll inflation in which the enhancement was proportional to τ i [27] . Even if one power of τ i is lost after the projection on the 2-dimensional CMB surface [46] , the amplitude of non-gaussianity for tensor perturbation in the flattened configuration could still be large and detectable. For large values of χ T and for 0 ≪ ϕ T ≪ π, similar to the case of scalar perturbations with excited initial mode, the dependence on the excitation amplitude of the excited mode would drop out. However as we noted above, in order to make γ ≪ 1, one needs to focus on the limit in which tan 2 ϕ T < e −4χ T , i.e. ϕ T is very close to zero. In this case the χ T −dependent factor in the amplitude of non-gaussianity is enhanced if χ T is increased. In the case of tensor perturbations, there is of course, a limit on how much we can increase χ T before reaching the onset of break down of EFT,
. Also with increasing χ T , the M T /H factor can not be enhanced arbitrarily. For c = c * = 0.8 and χ T ∼ 2.18, which was required to make the inflationary potential coming from the swampland compatible with Planck 2018 data, the maximum momenta-dependent amplitude for the flattened configurations is
where we have assumed that one factor of τ i will be lost after projection on the 2 dimensional CMB surface [46] . Above we have assumed that M T /H takes its maximum value given by eq. (19) or for the case of χ T ∼ 2.18,
We should emphasize that this is the maximum nongaussianity expected in the flattened configurations, when χ T ∼ 2.18. In principle M T /H could be less than its maximum value, (22) , and then the predicted amplitude of the non-gaussianity in the flattened configuration will decrease. Also we should stress the slight momenta dependent nature of the non-gaussianity in the flattened configuration. Above we have assumed that the smaller momenta, k 1 and k 3 are about half of the largest one, k 2 . By reducing the magnitude of one of the momenta, the value of this momenta-dependent factor increases. For example, for 5k 1 =
Making k 1 smaller in the flattened configuration would not probably make sense in the flattened configuration, since then we would approach the local one which is discussed and analyzed below. Besides the flattened configurations, it can be shown that the local configurations will be enhanced too. In the configuration
Although there is an enhancement proportional to the ratio k 1 /k 3 in general for the excited tensor modes, for the ones that suppress γ, and reconcile the single field inflation with the swampland idea, the enhancement is lost as tan ϕ T ≪ e −4χ T . Therefore we conclude that one should not see an enhanced local configurations in the three-point functions for tensor perturbations.
CONCLUSION
In this work, we tried to realize single field inflationary models compatible with the latest Planck data, taking into account the bound swampland criterion sets on the steepness of the potentials that can be realized within the stringy setups. We showed that excited initial conditions for scalar perturbation will enhance the amplitude of scalar local non-gaussianity and drive it beyond the upper limit set by the Planck experiment. We came up against this by super-excited tensor initial conditions which can suppress r too. In fact, with such excited initial conditions for tensor perturbations, r can be both lowered or enhanced, depending on the phase difference between the first and second tensor Bogolyubov coefficients. The enhancement, which can be obtained for rather large tan ϕ T ≫ e −4χ T , could be used to obtain large r's from sub-Planckian field excursions. In this work, however, our goal was to reduce r, which we achieved by having a highly populated tensor initial conditions and small values of ϕ T . The scalar perturbations were assumed to begin from B.D. vacuum. In this region of the parameter space, of course, there will be a limit on how large the number of particles in the tensor initial states could be otherwise one will violate the EFT by pushing the scale of new physics for tensor perturbation evolution, M T , above the inflationary Hubble parameter. Similar to the case of scalar perturbations with excited initial conditions, one would expect enhancement for the flattened and local configurations in the tensor bispectrum. For the peculiar case of tensor excited initial conditions which were required to suppress r, the local enhancement will be indeed quite negligible. However for the flattened configurations can reach h flat NL ∼ few × 100. In this work we only focused on the tensor bispectrum. However in principle with such superexcited tensor modes, the scalar-scalar-tensor bispectrum is expected to cget modified too. The signature of the model for such correlations is something that we postpone to the upcoming article [45] .
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For the mechanism of excitation that we assumed in eq. .
As we see, β S(orT ) 0 is inversely proportional to the scale of new physics M S(orT ) .
